We extend the parametric representation of renormalizable non commutative quantum field theories to a class of theories which we call "covariant", because their power counting is definitely more difficult to obtain.This class of theories is important since it includes gauge theories, which should be relevant for the quantum Hall effect.
I. Introduction
Quantum field theories on a non-commutative space-time or NCQFT [1] deserve a systematic investigation. They are intermediate structures between ordinary quantum field theory on commutative space time and string theories [2, 3] . They can also be better adapted than ordinary quantum field theory to the description of physical phenomena with non-local effective interactions, such as physics in the presence of a strong background field, for example the quantum Hall effect [4] [5] [6] , and perhaps also the confinement.
In the labyrinth of all possible Lagrangians and geometries, we propose to use renormalizability as an Ariane thread. Indeed renormalizable theories are the ones who survive under renormalization group flows, hence should be considered the generic building blocks of physics.
Following the Grosse-Wulkenhaar breakthrough [7, 8] and subsequent work [9-11], we have now a fairly good understanding of a first class of renormalizable NCQFT's on the simplest non commutative geometry, the Moyal space. These models fall into two broad categories, depending on their propagators:
• the ordinary models, such as the initial φ 4 4 model [7] [8] with harmonic potential, for which the propagator C(x, y) decays both as x − y and x + y tend to infinity, as shown in the ordinary Mehler kernel representation and • the so-called covariant models whose propagators involve covariant derivatives in a constant external field. The "orientable" Gross-Neveu model in two dimensions [10, 11] and the LSZ model in 4 dimensions [12] fall into this category. The propagator C(x, y) in this case only decays as x − y tends to infinity, and simply oscillates when x + y tend to infinity. This second class of models is therefore harder to study but is the relevant one for the quantum Hall effect and for gauge theories.
An important technical tool in ordinary QFT is the parametric representation. It is the most condensed form of perturbation theory, since both position and momenta have been integrated out. It leads to the correct basic objects at the core of QFT and renormalization theory, namely trees. It displays both explicit positivity and a kind of "democracy" between these trees: indeed the various trees all contribute to the topological polynomial of a graph with the same positive coefficient, as shown in (II.2). This is nothing but the old "tree matrix theorem" of XIXth century electric circuits adapted to Feynman graphs [13] . Finally parametric representation displays dimension of space time as an explicit parameter, hence it is the natural frame to define dimensional regularization and renormalization, which respects the symmetries of gauge theories.
The parametric representation for ordinary renormalizable NCQFT's was computed in [14] . It no longer involves ordinary polynomials in the Schwinger parameters but new hyperbolic polynomials. They contain richer information than in ordinary commutative field theory, since they are based on ribbon graphs, and distinguish topological invariants such as the genus of the surface on which these graphs live. The basic objects in these polynomials are "admissible subgraphs" which are more general than trees; among these subgraphs the leading terms which govern power counting are "hypertrees" which are the disjoint union of a tree in the direct graph and a tree in the dual graph. Again there is positivity and "democracy" between them. We think these new combinatorial objects will probably stand at the core of the (yet to be developed) non perturbative or "constructive" theory of NCQFT's.
In this paper we generalize the work of [14] to the more difficult second class of renormalizable NCQFTs, namely the covariant ones. The basic objects (the hypertrees) and the positivity theorems remain essentially the same, but the identification of the leading terms and the "democracy" theorem between them is much more involved. We rely partly on [11] , in which the key difficulty was to check independence between the direct space oscillations coming from the vertices and from the covariant propagators. This independence implied renormalizability of the orientable Gross-Neveu model. Our more precise method uses a kind of "fourth Filk move" inspired by [11] and [14] . This paper is organized as follows. In the next section we briefly recall the parametric representation for commutative QFT and we present the noncommutative model as well as our conventions. The third section computes the first polynomial and its ultraviolet leading terms. We state here our main result, Theorem III.1, which sets an upper bound on the Feynman amplitudes. Moreover, exact power counting as a function of the graph genus follows directly from this theorem. This is an improvement with respect to [11] , where only weaker bounds, sufficient just for renormalizability, were established.
The fourth section analyses then the second polynomial, the noncommutative analog of the Symanzik polynomial (II.3). It allows us to recover also the proper power counting dependence in the number of broken faces. Finally, in the last section we present some explicit polynomials for different types of Feynman graphs.
II. Parametric Representation; the Noncommutative Model

II.1. Parametric representation for commutative QFT.
Let us give here the results of the parametric representation for commutative QFT (one can see for example [15] or
